Aims: Extrahepatic cholangiocarcinoma (EHCC) is a highly malignant tumor with poor prognosis and intrinsic resistance to cytotoxic agents. The molecular mechanisms associated with high malignancy and resistance to chemotherapy and radiotherapy have not been fully elucidated. This study investigated the clinicopathological significances of FOXP1 and FOXO3a expression in EHCC. Methods: We assayed FOXP1 and FOXO3a expressions in 100 EHCC, 30 peritumoral tissues, 10 adenoma and 15 normal biliary tract tissues using EnVision immunohistochemistry. Results: The positive rates of FOXP1 and FOXO3a proteins were significantly lower in EHCC tumors than in peritumoral tissues, adenoma, and normal bile tract tissues (P<0.05 or P<0.01). Adenoma and pericancerous tissues with negative FOXP1 and/or FOXO3a protein expressions exhibited atypical hyperplasia. The positive correlation was established between the expression of FOXP1 and FOXO3a in EHCC (P<0.01). The positive rates of FOXP1 and FOXO3a expression were significantly higher in cases with well differentiation, no metastasis in lymph node, no invasion to surrounding tissues and organs, TNM I + II stage and radical resection (p<0.05 or p<0.01). Kaplan-Meier survival analysis showed that EHCC patients with positive FOXP1 and FOXO3a expression survived significantly higher than patients with negative FOXP1 and FOXO3a expression, respectively (P<0.001). Cox multivariate analysis revealed that negative FOXP1 or FOXO3a expressions were independent poor prognostic factors in EHCC patients. The AUCs for FOXP1 and FOXO3a were 0.676 (95% CI: 0.589-0.763, P＜0.001) and 0.652 (95% CI: 0.563-741, P=0.002), respectively. Conclusion: The present study indicates that negative FOXP1 and FOXO3a expressions are closely associated with the pathogenesis, clinical, pathological and biological behaviors, and poor prognosis in EHCC.
Introduction
Cholangiocarcinoma（CCA）occurring at every point of the biliary tree, is the second most frequent type of primary liver cancer and represents about 3% of all gastrointestinal tumor. 1 CCAs are classified as intrahepatic CCA (iCCA) and extrahepatic CCA (eCCA or EHCC) which further divided into perihilar CCA (pCCA), also named Klatskin tumor, and distal CCA (dCCA). 2 Although CCAs encompass a heterogenous group of tumors based on anatomic location, they commonly exhibit a dismal prognosis with an overall 5-year survival of ＜5%. 3 The incidence rate of EHCC increased from 2001 to 2007 derived from a report of the International Classification of Diseases for Oncology. 4 Until currently, the only curative treatment of EHCC was surgical resection or liver transplantation; overall 5-year survival rates after surgery were 20-30% and 27% for patients with pCCA and dCCA, respectively. 5, 6 For more than second-third of patients who were not candidates for surgery, systemic chemotherapy was routinely considered. However, the curative effect of chemotherapy was far from satisfaction, as the median progression-free survival was less than 11.7 months. 7 Once progressing, recurring or relapsing bile duct cancer occur, the prognosis is very poor. Thus, it is therefore of remarkable importance to assess patients with EHCC and grade the risk for a poor outcome. Several patient-related and clinical factors, such as age, presence of biliary stones, chronic infection (liver flukes, hepatitis B virus and hepatitis C virus), inflammatory bowel disease, cirrhosis, and primary sclerosing cholangitis, are associated with the initiation, development and progression of CCA. 8, 9 However, these factors are lack of precision to tailor surveillance and anticipate prognosis accurately. Pathological analysis is essential for confirming a diagnosis for CCA. Histologically, EHCC was divided into grades of well, moderately, poorly, and undifferentiated carcinoma. Accompanied by other pathological characteristics, such as lymph node metastasis, periductal tumor involvement and organ invasion, those are considered as independent prognostic factors. In patients who are not proceeding to surgical resection, it is particularly important to obtain positive pathological findings, contributing to treatment selection, clinical trials and predict prognosis. However, except in cases where surgery can be conducted, it is not easy to sample enough tissue for pathological documentation of EHCC. Positive cytology from brushings at ERCP/PTC or combined with biopsy is less than 70% for CCA. 9 Thus, new exploration to reveal valuable protein biomarkers intimately associated with the pathological characteristics of EHCC is urgently needed. FOXP1 (forkhead box protein P1) is a member of the FOXP subfamily. Previous studies have shown that FOXP1 may not only be a potential factor for predicting prognosis, but also used to develop FOXP1-directed therapeutic strategies. 10 Current evidence indicated a heterogenous expression and divergent function of FOXP1 in various cancers. In non-small cell lung cancer (NSCLC), the expression of FOXP1 in tumoral tissues was significantly higher than that of corresponding peritumoral tissues, which was confirmed by RT-PCR and immunohistochemical analysis. 11 Similarly, FOXP1 mRNA and protein was also more enriched in hepatocellular carcinoma (HCC) cells compared to normal hepatic cells. 12 Reversely, a relatively low expression was observed in ovarian tumor tissues compared to normal ovarian tissue. 13 As for the function of FOXP1, it was considered as a tumor suppressor, as it could inhibit cell proliferation and migration in colorectal and prostate cancer cells. 14, 15 In addition, it could also inhibit inflammatory reaction in colorectal cancer. 14 FOXO3 serves as a checkpoint that promotes cell cycle arrest and apoptosis, thus recognized as a tumor suppressor. Notably, FOXO contributes to the intrinsic feedback regulation of PI3K-AKT signaling and maintains activity of survival pathways in cancers. 18, 19 Along the same line, FOXO3a implements a process to detoxify and repair therapy-induced genotoxic stress which benefits developing drug resistance in cancers. 20, 21 In addition, evidence also suggested that FOXO3a has a pro-metastatic role in colorectal cancer through regulation of metastasis relevant genes. 22 Regarding the differential expression throughout different tissues and multiple functions of FOXO3a in tumorigenesis and progression, it is noteworthy in understanding the expression of FOXO3a in EHCC tissues. As FOXO3a is aberrantly upregulated in drug-resistant and metastatic cells, it is suspected that malignant tissues with high expression of FOXO3a might indicate high malignancy and dismal prognosis. Since the role of FOXP1 and FOXO3a in EHCC remains to be clarified and to gain further insight into the clinical significance of them, we evaluated FOXP1 and FOXO3a expression using immunohistochemistry in surgically resected specimens, which include EHCC, peritumoral tissues, adenoma and normal biliary tract. The clinicopathological significance and prognostic values of FOXP1 and FOXO3a expressions were analyzed.
Material and methods

Case selection
The present retrospective study was approved by the Ethics Committee for Human Research, Central South University, and was conducted according to the approved guidelines. The patients whose tissues were used provided written informed consent, in accordance with the Declaration of Helsinki. One hundred EHCC, thirty peritumoral tissues, ten bile tract adenoma, and fifteen normal biliary tissues were obtained at the Second Xiangya Hospital and the Third Xiangya Hospital, Central South University from January 2001 to December 2014. We confirm that all the donors of normal biliary tract tissues were voluntary organ donors, strictly according to civilian laws. All specimens obtained from the patients were histologically confirmed by two pathologists. Tumours were restaged according to the 7th TNM Classification of Malignant Tumours and classified following the World Health Organization (WHO) tumour classification system. Tumor differentiation degrees were defined according to the World Health Organization criteria (well differentiated, moderately differentiated and poorly differentiated).
Clinicopathological data for EHCC is summarized in Table 2 . Among the 100 EHCC samples, 61 were from male patients and 39 were female (M/F =1.56) and patient ages ranged from 35 to 80 (58.8±10.2) years. Of the 100 EHCCs, 31 were well-differentiated (31.0%), 34 were moderately differentiated (34.0%) and 35 were poorly differentiated (35.0%). Among the 100 patients with EHCC, invasion of region tissues and/or organs was found in 67 (67.0%); 38 (38.0%) had regional lymph node metastasis; and 31 (31.0%) had gallstones. According to TNM staging, 35 of the 100 EHCCs were stage I+Ⅱ, 38 were stage Ⅲ and 27 were stage IV. Surgery included radical resection for 54 (54.0%), palliative resection for 36 (36.0%) and 10 only for biopsy (10.0%). Survival data for the 100 patients with EHCC was obtained through letters and/or telephone calls. The follow-up time was 30 months, and patients who survived longer than 30 months were included in the analysis as censored cases. Of the 100 EHCC patients, fifty-nine patients died within twelve months, twenty-four patients died within twenty-four months, ten patients died within thirty months, and patients (twelve cases) who survived longer than thirty months were included in the analysis as censored cases.
Thirty peritumoral tissues were collected from twenty male (66.6%) and patient ages ranged from 35 to 72 (48.5 ±9.2) years. The pathological examination showed 12 normal tissues, 8 mild dysplasia, 6 moderately dysplasia and four severe dysplasia. Ten bile tract adenoma tissues collected from six male (66.6%) and patient ages ranged from 33 to 70 (46.7±10.2) years. The pathological examination showed 6 simple adenoma tissues, 2 mild dysplasia and 2 moderate to severe dysplasia. Fifteen normal biliary tract tissues were collected from contributors of liver transplantion and pathological examination being normal billary tract tissues.
All tissues were treated with 4% formaldehyde for 24 to 48 hrs, and then were routinely embedded in paraffin.
Immunohistochemistry
Rabbit anti-human FOXP1 and FOXO3a polyclonal antibody were purchased from Dako Corporation (Carpentaria, CA, USA). EnVisionTM Detection Kit was purchased from Dako Laboratories (CA, USA). Positive controls were provided with the EnVisionTM Detection Kit. EnVision immunohistochemistry of FOXP1 and FOXO3a was performed by following the user manual. Briefly, 4 μM-thick sections were cut from paraffinembedded tissues. The sections were deparaffinized and then incubated with 3% H 2 O 2 in the dark for 15 min. The heat-induced epitope retrieval was conducted with sodium citrate buffer (10 mM Sodium citrate, 0.05% Tween 20, pH 6.0) at 96 ℃ for 30 min. The sections were incubated with rabbit anti-human FOXP1 and FOXO3a primary antibody (1:100 dilution) for 2 hrs after they were soaked in PBS for 3×5 min. The sections were incubated with several drops of Solution A (ChemMateTMEnVison + /HRP) for 30 min followed by DAB staining and haematoxylin counter-staining. The sections were dehydrated, soaked in xylene, and mounted with neutral balsam. Five hundred cells from ten random fields were examined per section by 2 observers independently. An average of the percentages from these two observers was used for final evaluation. Cases with positive cells ≥25% were considered positive whereas other cases were considered negative.
Statistical analysis
Data was analyzed using the SPSS 17.0 (statistical package for the Social Sciences, Version 17.0). The inter-relationship of FOXP1 and FOXO3a with histological or clinical factors was analyzed using χ 2 test or Fisher's exact test, as appropriate.
The overall survival of patients with EHCC was analyzed using Kaplan-Meier univariate survival analysis and log-rank tests. Multivariate analysis was performed with Cox proportional hazards model and the 95% confidence interval was calculated. p<0.05 was considered statistically significant.
Results
FOXP1 and FOXO3a protein expression in EHCC, peritumoral tissues, adenoma, and normal tissues
The expression of FOXP1 and FOXO3a proteins was evaluated by immunohistochemistry in 100 EHCCs, 30 peritumoral tissues, 10 adenomas, and 15 normal tissues.
Immunohistochemical staining showed that positive FOXP1 and FOXO3a expression was located on the cytoplasm and nuclear (representative microphotographs were showed in Figure 1A ,B and Figure 2A ,B, respectively). In EHCCs, 43 and 46 was positive for FOXP1 (43.0%) and FOXO3a (46.0%), respectively. While many stromal cells were positively stained in EHCC tissues. In peritumoral tissues, positive expression of FOXP1 and FOXO3a was both found in 20 of 30 cases (66.7%), representative pictures showed in Figure  1C ,E, and Figure 2C ,E, respectively. In adenomas, both 8 cases of 10 were positive staining for FOXP1 (80.0%) and FOXO3a (80.0%), representative pictures showed in Figure  1D ,F, and Figure 2D ,F, respectively. Fifteen normal tissues were all positive for FOXP1 and FOXO3a expressions. The positive rates of FOXP1 or FOXO3a in EHCC were significantly lower than that in peritumoral, adenoma, and normal tissues (P<0.05 or P<0.01) ( 
001).
The results were also presented in Table 3 and Figure 3 .
Multivariate analysis
Cox multivariate analysis showed that poor differentiation, lymph node metastasis, invasion, and high TNM stage (III or IV) negatively correlated with overall survival and positively correlated with mortality (Table 4) . Furthermore, high levels of FOXP1 and FOXO3a expression positively correlated with overall survival and negatively correlated with mortality (Table 4) . Positive expressions of FOXP1 and FOXO3a were both independent prognostic factors. Finally, we calculated the AUC for FOXP1 expression (AUC=0.676, 95% CI: 0.589-0.763, P= P＜0.001), and FOXO3a expression (AUC =0.652, 95% CI: 0.563-741, P=0.002), presented in Figure 4 .
Discussion and conclusion
The expressions of FOXP1 and FOXO3a in EHCC have not been previously reported, although their expressions have been associated with the progression and prognosis in mature procedure in bone marrow if FOXP1 was artificially interfered. 10 Studies revealing a common genetic event that loss of heterozygosity of chromosome 3p was found in multiple cancers have led to explore its role in tumorigenesis and development. 10 Based on RNA and protein expression analysis, several reports show a significantly lower expression of FOXP1 in malignant tissues compared to normal ones, which include gastrointestinal cancers, lung cancer, head and neck cancers, breast cancer, endometrial cancer and ovarian cancer. [23] [24] [25] Targeted deletion of FOXP1 leads to increased frequency of tumor formation in mice, indicating a role of tumor suppressor in cancer. However, several lines of evidence reversely suggest an oncogenic role of FOXP1 in various cancers. For instance, B-cell tumors especially ABC-diffuse large B-cell lymphoma express enhanced level of FOXP1, and furthermore, its strong nuclear expression is positively correlated with a worse prognosis. 26 In hepatocellular carcinoma, high expression of FOXP1 indicates large tumor diameter, later TNM stage and poor prognosis. 27 As the first analysis of FOXP1 expression in EHCC, we find a significantly decreased level of it compared to normal tissues. The negative correlation between FOXP1 expression and pathological features, and prognosis suggested that FOXP1 may function as a tumor suppressor in EHCC. It was reported that elevated expression of FOXP1 would lead to inhibit tumor growth. More studies are needed to further illuminate the potential molecular mechanism of FOXP1 in EHCC. 10 FOXO transcription factors are involved in multiple physiological and pathological processes, including apoptosis, aging, proliferation, metabolism, immunity, and tumorigenesis. 28, 29 We focus our attention on FOXO3, a member of the FOXO family of transcription factors. 30, 31 Previous studies showed that FOXO3a was a suppressor of primary tumor growth and was negatively regulated by growth factors. 28, 32 During tumor development, inhibition of the transcriptional activity of FOXO3a promotes cell transformation, tumor progression, and angiogenesis. 29, 33, 34 Reversely, FOXO3a overexpression leads to inhibition of tumor growth and decreasing of tumor size in breast cancer. 34 Strikingly, FOXO3a was demonstrated playing an essential role in the control of differentiation and tumorigenicity of glioblastoma cancer stem cells. 27 FOXO3a defect led to induce differentiation and reduce tumorigenicity of cancer stem cells. These results indicate a suppressor role of FOXO3a playing in various tumors. Additionally, the aberrant expression of FOXO3a is negatively correlated with the survival for patients with breast cancer, gastric cancer, ovarian cancer, and colon cancer. [34] [35] [36] Although there is still no evidence concerning the functions of FOXO3a playing in CCA or EHCC, pathological expression of it based on clinical samples could implicate its potential role. Our result suggests a similar expression profile of FOXO3a in EHCC compared with the reported cancer tissues, and depressed expression of it associated with high malignancy based on correlation analysis with pathological features and survival analysis. From the insight of molecular mechanism, FOXO3a was found to be a negative regulator of cell cycle arrest, cell death and invasiveness. 20 In the present study, the percentage of cases with negative FOXP1 and FOXO3a expression was significantly larger in EHCC patients with poor differentiation, lymph node metastasis, invasion, and TNM stage III/IV disease than in patients with well differentiation, no lymph node metastasis and invasion, and TNM stage I/II disease (P<0.05 or P<0.01). In biliary tract epithelia, pericancerous tissues and adenoma tissues with negative FOXP1 and/or FOXO3a protein expression exhibited moderate to severe dysplasia. KaplanMeier survival analysis showed that EHCC patients with negative FOXP1 and FOXO3a expression negative FOXP1 and FOXO3a expressions were associated with poor prognosis in patients with EHCC.
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